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Abstract	
Objectives:	Sleep	deficiency	(SD)	is	a	prevalent	problem	and	has	serious	negative	consequences	
for	physical,	cognitive,	and	psychological	well-being.	The	use	of	music	as	a	non-pharmacological	
sleep	intervention	has	been	proposed	in	several	studies.	A	2014	meta-analysis	of	10	randomized	
trials	evaluating	the	impact	of	music	on	sleep	concluded	that	it	can	decrease	sleep	onset	delay	
(latency)	and	sleep	disturbances,	increases	sleep	duration,	and	improves	daytime	dysfunction.		It	
appears	 that,	 to-date,	 evidence-based	guidelines	 for	 the	 selection	and/or	production	of	 sleep-
promoting	music	do	not	exist.		This	review	addresses	that	gap	and	synthesizes	available	literature	
towards	the	goal	of	developing	guidelines	grounded	in	the	evidence-based	characteristics	of	sleep	
conducive	music.		
	
Design	 and	 Results:	 A	 literature	 review	 of	 research	 papers	 relevant	 to	 the	 topic	 identified	
evidence-based	characteristics	of	sleep-conducive	music	related	to	tempo,	rhythm,	pitch,	volume,	
and	duration.		
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Conclusion:	 This	 identification	 and	 compilation	 of	 evidence-based	 characteristics	 of	 sleep-
conducive	music	can	underpin	future	research	that	targets	development	and	testing	of	specific	
music	to	promote	sleep.			
	
Key	Words:		Sleep,	Insomnia,	Music,	Sleep	deficiency		
	

INTRODUCTION	
Sleep	 deficiency	 (SD)	 is	 a	 pervasive	 problem	 with	 significant	 negative	 outcomes	 for	 both	
physical	and	psychological	health.	According	to	the	National	Institutes	of	Health,	SD	occurs	when	
sleep	 irregularity,	 insufficient	 sleep	 quality,	 or	 an	 untreated	 sleep	 disorder	 impairs	 optimal	
performance	 levels	 [1].	 Due	 to	 the	 importance	 of	 sleep	 in	 physiological	 and	 psychological	
processes	 such	 as	 metabolic	 functions,	 neural	 detoxification,	 cognition,	 mood,	 and	 overall	
physical	health,	the	role	of	sleep	is	critical	to	the	enhancement	of	quality	of	life	[2,3].	Research	
clearly	 demonstrates	 that	 SD	 increases	 an	 individual’s	 risk	 of	 chronic	 conditions	 including	
diabetes,	obesity,	cardiovascular	diseases,	depression,	and	other	mental	health	conditions	[4-
10].	 Investigating	ways	 to	 improve	 sleep	 quality	 is	 thus	 clearly	 important	 and,	 although	 the	
authors	of	two	major	reviews	[11,12]	found	that	the	current	evidence-base	suffered	a	lack	of	
methodological	 rigor,	 they	 concluded	 that	 the	 use	 of	music	 as	 a	 non-pharmacological	 sleep	
intervention	 is	 low	 risk,	 cost	 effective,	 and	 holds	much	 potential.	 One	 important	 gap	 in	 the	
foundational	literature	is	a	clear	list	of	the	components	of	music	that	contribute	towards	it	being	
sleep	conducive.		The	goal	of	this	paper	is	to	synthesise	relevant	research	papers	and	generate	
an	evidence-based	guidelines	for	the	components	of	sleep	conducive	music.		
	
Music	is	defined	as	an	intentional	auditory	stimulus	with	organized	elements	such	as	melody,	
rhythm,	harmony,	timbre,	form,	and	style	[13].	It	is	present	in	all	cultures	and	is	considered	by	
some	to	be	a	low-cost	health	intervention	with	beneficial	effects	on	physiological,	psychological	
and	 socioemotional	 well-being	 [13].	 Past	 research	 using	 electroencephalogram	 (EEG)	
measurement	 has	 shown	 that	 listening	 to	 sedative	 music	 can	 in	 fact	 lead	 to	 statistically	
significant	increase	in	alpha	wave	activity	[14-16].	Furman’s	early	work	further	suggested	that	
listening	to	music	that	promoted	the	rapid	eye	movement	(REM)	stage	of	sleep	increased	reports	
of	happiness,	while	listening	to	music	that	promoted	short	wave	sleep	(SWS)	increased	boredom	
and	sleepiness	[14].	Beta	wave	neural	activity,	present	in	the	REM	stage	of	sleep,	is	associated	
with	alertness;	alpha	wave	activity	is	present	in	the	SWS	stage	and	is	associated	with	relaxation	
and	daydreaming;	and	theta	and	delta	wave	neural	activity	signify	the	non-REM	light	and	deep	
stages	 of	 sleep	 that	 are	 associated	 with	 metabolism	 and	 other	 physiological	 functions,	
respectively	 [13].	More	 recent	 research,	 using	 EEGs	 in	 combination	with	 actigraph	 analysis,	
confirmed	that	listening	to	sedative	music	while	relaxing	in	bed	can	be	associated	with	greater	
sleep	efficiency	 (i.e.,	 the	percentage	of	 time	actually	asleep	 in	relation	to	the	amount	of	 time	
spent	in	bed),	and	promotes	change	from	alpha	to	theta	wave	activity	[17].	
	
A	2017	survey	at	a	large	Canadian	university	found	that	31.1%	of	participating	students	used	
music	to	induce	sleep	[18].	The	authors	speculated	that	interventions	involving	music	might	be	
well	received	and	hold	relevance	for	both	the	concerning	number	of	young	adults	with	SD,	and	
potentially,	 other	 populations.	 However,	 a	 preliminary	 literature	 search	 failed	 to	 retrieve	 a	
comprehensive,	 evidence-based	 list	 of	 the	 components	 required	 for	 a	 piece	 of	 music	 to	 be	
considered	sleep-conducive.	Consequently,	this	paper	seeks	to	fill	that	gap	and	addresses	the	
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question,	 “what	 are	 the	 evidence-based	 criteria	 guiding	 selection	 and	 composition	 of	 sleep-
conducive	music	(SCM)”?				

	
Materials	and	Methods	
To	address	the	current	gap	in	the	literature	regarding	identification	of	evidence-based	music	
characteristics	that	are	sleep-conducive	we	carried	out	a	narrative	review.	The	purpose	of	this	
project	was	to	determine	the	existence	of	sufficient	evidence	to	guide	practice	and	inform	future	
applied	 research,	 and	was	not	 intended	 to	be	 a	 comprehensive,	 systematic	 review.	With	 the	
assistance	 of	 a	 medical	 librarian,	 a	 comprehensive	 search	 of	 the	 literature	 was	 conducted	
(September-October	2018),	seeking	research	studies	that	tested	the	influence	of	various	music	
characteristics	 on	 sleep.	 Databases,	 including	 Scopus,	 Web	 of	 Science,	 and	 PubMed,	 were	
searched	with	the	keywords	“sleep	deficiency,	sleep	music,	music	therapy,	insomnia”.	We	did	
not	restrict	our	search	to	music-therapy	literature	as	much	of	the	relevant	literature	focused	on	
neuro-physiological	changes	induced	by	different	components	of	sound	as	tested	with	healthy	
participants.		Papers	were	selected	on	the	basis	of	their	relevance	to	the	topic,	and	studies	that	
did	not	report	research	findings	(e.g.	opinion	or	theoretical	papers)	were	excluded.		Abstracts	of	
articles	that	were	retrieved	in	the	database	search	were	reviewed,	and	relevant	material	articles	
were	retained	for	this	paper.	A	summary	of	the	findings	is	presented	below.	
	

FINDINGS	
Our	review	of	the	literature	revealed	evidence	that	musical	elements	(such	as	sound,	rhythm,	
melody,	 and	 harmony)	 may	 alter	 psychological	 and	 physiological	 responses	 by	 activating	
parasympathetic	nervous	system	responses	and	alpha	brain	wave	frequency	to	lower	heart	rate,	
respiratory	rate,	and	blood	pressure,	and	increase	deep	breathing	and	muscular	relaxation.17,19	
The	use	of	sedative	or	relaxing	music	as	an	intervention	has	also	been	found	to	reduce	activity	
in	 the	 neuroendocrine	 and	 sympathetic	 nervous	 system	 thereby	 reducing	 the	 human	 stress	
response	through	distraction	 from	thoughts	and	decreased	anxiety	[13,20-22].	Finally,	music	
has	 been	 found	 to	 reduce	 circulating	 noradrenaline,	 a	 neurotransmitter	 associated	 with	
awakening	[2,21,23].	In	addition	to	influencing	neural	networks,	music	listening	has	also	been	
suggested	to	have	a	positive	influence	on	hormone	regulation.	A	study	by	Khalfa	et	al	conducted	
with	24	post-secondary	students,	found	that	those	who	listened	to	relaxing	music	after	engaging	
in	 a	 stressful	 task	 showed	 a	 decrease	 in	 salivary	 cortisol	 levels,	whereas	 those	who	did	 not	
engage	 in	music	 listening	 after	 the	 stress	 task	 showed	 continued	 elevated	 levels	 of	 salivary	
cortisol	[24].	Additionally,	patients	undergoing	surgery	listening	to	music	pre-	and	post-surgery	
for	30	minutes	while	on	bed-rest	showed	a	significant	decrease	in	plasma	cortisol	levels	[25],	
increased	 oxytocin	 levels,	 and	 increased	 subjective	 measures	 of	 relaxation	 [26].	 Krout	 had	
earlier	speculated	that	 these	effects	might	be	due	to	the	music’s	ability	 to	obscure	unwanted	
environmental	stimuli	such	as	noise,	or	its	ability	to	provide	distraction	from	unwanted	stimuli	
such	as	stress	or	pain	[27].	
	
Whereas	there	is	general	agreement	that	music	has	potential	physiological	and	psychological	
benefits	 that	promote	 sleep,	 it	 is	not	appropriate	 to	generalize	 these	 findings	 to	all	 forms	of	
music.	As	there	are	many	genres	of	music,	we	cannot	assume	that	any	or	all	of	them,	or	even	that	
the	entirety	of	any	given	genre	(e.g.,	classical)	will	have	the	same	sleep-conducive	effect.		
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Music	genres			
There	are	different	genres	or	forms	of	music	and	each	might	be	expected	to	have	differing	effects	
on	individuals.	Classical	(Western	Art)	music	emphasizes	formal	clarity,	balance,	and	structure	
[28].	New	age	music,	which	includes	designer	music,	is	characterized	as	a	less	variable	type	of	
music	with	no	central	theme,	no	natural	beat,	and	no	recognizable	melodies.	It	does,	however,	
have	repeated	cycles	of	gentle	undulating	sounds	that	are	meant	to	facilitate	an	environment	for	
relaxation	and	meditation	[28].	One	seminal	study	measured	reactions	to	classical,	grunge	rock,	
new	 age,	 and	 designer	 (created	 to	 enhance	 a	 sense	 of	 well-being)	 music	 [29].	 Participants	
completed	 a	 survey	 examining	 tension	 (defined	 as	 a	 physiological	 reaction	 creating	
nervousness,	edginess,	and	anxiety),	mood,	and	mental	clarity,	both	at	baseline	and	immediately	
after	listening	to	each	kind	of	music.	The	results	indicated	that	classical	music	decreased	tension,	
sadness,	and	fatigue,	but	had	little	effect	on	other	feelings	such	as	relaxation	and	mental	clarity.	
Listening	to	grunge	rock	was	associated	with	increased	feelings	of	hostility,	fatigue,	sadness,	as	
well	as	increased	levels	of	perceived	tension	along	with	significant	feelings	of	decreased	mental	
clarity,	 vigor,	sense	of	 compassion,	 and	perceived	 relationship	 to	others	 [29].	These	 findings	
were	later	supported	by	Chi	and	Young	who	reported	that	music	with	high	pitches	and	faster	
tempos	increased	tension	in	participants	[30].	Listening	to	new	age	music	on	the	other	hand,	
was	associated	with	a	significant	 increase	 in	relaxation	and	mental	clarity,	and	reductions	 in	
feelings	of	hostility	and	tension.	After	listening	to	designer	music,	which	is	created	specifically	
to	affect	the	listener	on	a	physiological	level,	participants	reported	significantly	more	relaxation,	
daytime	mental	clarity	and	vigor,	increased	feeling	of	compassion,	as	well	as	decreased	feelings	
of	 hostility,	 sadness,	 fatigue,	 and	 tension	 [30].	 Wu	 et	 al	 determined,	 through	 study	 of	
participants’	electroencephalogram	(EEG)	signals	under	exposure	to	different	sounds,	that	REM	
stage	 activity	 increased	 with	music	 that	 included	 fast	 rhythms,	 lively	 melodies,	 and	 a	 wide	
variety	 in	 note	 pitches	 [31].	 In	 contrast,	 SWS	 stage	 EEG	 activity	 increased	when	 the	 music	
encompassed	low	pitches	and	slower	rhythms	[31].		
	
In	summary,	the	available	evidence	suggests	that	music	genre	is	not	sufficient	in	itself	to	guide	
sleep-conducive	 music	 selection.	 Rather,	 a	 more	 nuanced	 examination	 of	 specific	 music	
elements	 is	required.	The	 following	section	 identifies	and	describes	the	 four	distinct	musical	
elements	 (Tempo,	 Rhythm	 and	 pitch,	 Volume,	 and	Duration)	 that	 emerged	 from	our	 review	
findings	as	have	an	evidence-based	role	in	improving	sleep.	Interestingly,	although	timbre	–	the	
quality	of	musical	sound,	for	e.g.,	what	distinguishes	the	sound	of	a	piano	as	compared	to	the	
violin	-	is	a	recognized	as	an	essential	characteristic	element	of	music,	we	were	unable	to	find	
any	research	articles	regarding	this	element.	
	
Characteristics	of	sleep-conducive	music	
1. Tempo	
In	 musical	 terminology,	 tempo	 refers	 to	 the	 speed	 or	 pace	 of	 a	 composition.	 It	 is	 typically	
measured	in	beats	per	minute	(bpm)	and	is	not	necessarily	fixed	in	any	given	piece.	Studies	have	
demonstrated	 that	 music	 is	 sleep-conducive	 when	 it	 is	 without	 accented	 beats,	 percussive	
characteristics,	or	syncopation,	and	possesses	a	slow,	steady	tempo	of	60-80	bpm	(mimicking	
the	human	heart	rate)	and	contains	repetitive	rhythms	[32,33].		
	
In	a	study	with	58	post-secondary	students,	listening	to	classical	music	resulted	in	an	average	
decrease	in	heart	rate	from	73	bpm	to	69.5	bpm,	listening	to	new	age	music	showed	a	decrease	
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in	heart	rate	from	73.45	bpm	to	68.8	bpm,	and	listening	to	popular	music	showed	an	increase	in	
heart	rate	from	74	bpm	to	76	bpm.28	A	review	by	Harris	reported	that	listening	to	music	with	a	
tempo	 between	 60	 and	 80	 beats	 per	 minute	 (bpm)	 for	 20	 to	 45	 minutes	 before	 sleep	 was	
associated	 with	 faster	 sleep	 onset	 [34].	 Similarly,	 a	 study	 with	 24	 young	 adults	 using	
polysomnography	 and	 self-reported	 analysis	 found	 that	 listening	 to	 what	 the	 researchers	
termed	 “sedating	music”	 at	 60	 bpm	 for	 one	 hour	 reduced	 sleep	 latency,	 and	 increased	 the	
duration	of	deep	sleep	stages,	thus	improving	the	quality	of	sleep	[35].	
	
2. Rhythm	and	pitch	
The	rhythm	element	in	music	refers	to	the	placement	of	sounds	(pitches)	in	time	with	a	pattern	
of	intervals	between	them.	The	characteristics	of	relaxing	or	sedative	music	are	a	slow,	stable,	
and,	sustained	rhythm,	along	with	 low-frequency	tones,	soothing,	and	relaxing	melodies,	and	
low	pitches	[30].	A	study	by	Morishima	et	al	adjusted	music	and	sound	to	participants’	biological	
information	 (such	 as	 heartbeat	 and	 respiration	 rate)	 and	 found	 that	 a	 sustained	 sound	was	
associated	 with	 shortened	 sleep	 latency	 (time	 elapsed	 from	 going	 to	 bed	 to	 falling	 asleep)	
compared	to	sounds	that	decayed	and	sounds	that	faded	in	and	out	[36].	
	
3. Volume	
Noise	 is	 defined	 as	 a	 set	 of	 unwanted	 sounds	without	 control	 for	 elements	 such	 as	 volume	
(perceived	 loudness)	 and	 duration	 [37.38].	 Noise	 exposure	 is	 a	 risk	 to	 physiological	 and	
psychological	well-being,	because	of	its	influence	on	fatigue,	insomnia,	physiological	stress	and	
cardiovascular	stimulations	[38.39].	A	noise	level	of	30	decibels	(dB)	or	below	on	the	other	hand	
is	considered	to	have	no	substantial	biological	effect	on	sleep	[37-39].	Noise	exposure	above	30	
dB	has	been	found	to	prolong	sleep	latency,	increase	fragmented	sleep,	cause	early	awakenings,	
shallow	sleep,	heart	rate	and	negative	moods	[40].	Noise	levels	between	30	to	40	dBs	are	risk	
factors	for	arousal,	awakenings,	body	movements,	and	sleep	disturbances	[41],	and	noise	levels	
above	 40	 dB	 are	 a	 risk	 factor	 for	 sleep	 disturbances	 and	 delayed	 sleep	 onset	 [37.39.42].	
Exposure	 to	 noise	 levels	of	 60	 dB	 during	 sleep	 increases	heart	 rate	 and	 physical	movement	
throughout	the	night	[40],	and	noise	levels	varying	between	50	(road	traffic)	and	72	dB	(aircraft)	
can	decrease	time	spent	in	REM	and	SWS	sleep	stages	[43].	Gradual	exposure	to	noise	between	
40	to	70	dB	appears	likely	to	cause	arousal	during	REM	stage	sleep.	Moreover,	certain	types	of	
noise,	such	as	electric	sounds	and	human	voices	cause	an	elevation	in	heart	rate	and	increase	
the	probability	of	arousal	during	the	non-REM	stage	sleep	compared	to	their	 impact	on	REM	
sleep	[41].	In	summary,	the	evidence	supports	that	volume	during	music-listening	to	promote	
sleep	should	not	exceed	30	dB.		
	
4. Duration	
Harmat	et	al	found	that	post-secondary	students	who	listened	to	classical	music	for	45	minutes	
before	sleep	for	a	three-week	duration	showed	better	overall	self-reported	sleep	quality	from	
the	second	week	onward	[20].	A	systematic	review	of	17	studies	later	confirmed	that	listening	
to	music	 in	bed,	with	 closed	eyes	 to	minimize	distractions,	 for	30-60	minutes	per	session	 is	
beneficial	to	perceived	overall	sleep	quality	[32].		Finally,	a	randomized	controlled	trial	with	50	
participants	using	polysomnography	in	addition	to	self-reported	sleep	quality,	found	that	music	
listening	 for	 45	 minutes	 at	 bedtime	 for	 three	 consecutive	 days	 improved	 sleep	 quality	 by	
increasing	duration	of	REM	stage	sleep	and	decreasing	duration	of	stage	2	(light)	sleep	[44].	It	
appears	that	there	is	sufficient	evidence	to	suggest	that	(a)	duration	of	listening	to	music	before	
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sleep,	(b)	the	number	of	consecutive	days	for	listening,	and	(c)	the	number	of	weeks	that	music	
is	employed,	are	all	important	variables	to	consider	when	developing	treatment	protocols.	
	

LIMITATIONS	AND	FUTURE	RESEARCH	
It	is	important	to	note	that	the	impact	of	music	preference	or	prior	musical	training	were	not	
examined	in	the	literature	that	was	reviewed	for	this	article.	These	may	be	important	modifiers	
or	 confounders	 that	should	also	be	explored	when	 researching	 the	 impact	of	music	on	sleep	
deficiency.	For	example,	this	review	found	that	new	age	music	may	be	conducive	to	sleep,	due	
to	 its	 rhythmic,	 pitch	 and	 volume	 characteristics.	However,	 if	 the	 person	 experiencing	 sleep	
deficiency	strongly	dislikes	this	genre	of	music,	they	might	not	achieve	the	desired	physiological	
and	psychological	state	conducive	to	sleep.	Similarly,	studies	have	demonstrated	that	musicians	
process	music	differently	than	non-musicians,	which	some	evidence	suggests	has	a	measurable	
impact	on	the	neurological	structures	of	the	brain.	For	example,	musicians	have	increased	grey	
matter	volume	in	the	motor,	pre-motor,	and	somatosensory	areas	of	the	brain	as	compared	to	
non-musicians	[45].	The	corpus	callosum	of	musicians	who	begin	training	before	age	seven	is	
larger	in	diameter	than	in	non-musicians	or	musicians	who	began	training	later	in	life	[46].	The	
implications	of	these	differences	for	the	use	of	music	to	improve	sleep	are	not	known.	However,	
it	seems	plausible	that	professional	musicians	may	attend	to	and	process	music	differently	(e.g.	
analytically;	critically),	and	in	ways	that	might	alter	its	sleep	conducive	effects.		
	
A	 final,	 but	 critical	 limitation	 to	 the	 development	 of	 comprehensive	 guidelines	 is	 that	 the	
research	 regarding	 the	 role	of	 idiosyncratic	music	preference	and	psychological	 associations	
with	certain	songs	and	genres	remains	sparse.		Encouragingly,	foundational	work	in	this	area	is	
emerging	[11,47]	and	future	guideline	development	will	benefit	from	including	criteria	based	
on	the	intersections	between	physiology,	psychology,	and	social	aspects	of	music.	
	
Whereas	our	review	was	thorough	and	aided	by	a	medical	librarian,	it	was	not	intended	to	serve	
as	a	systematic	review.	Therefore,	the	methodological	quality	of	the	studies	reviewed	has	not	
been	evaluated.	At	this	time,	it	does	not	appear	that	sufficient	high-quality	studies	exist	in	this	
line	of	inquiry	to	warrant	such	a	review.	Further	examination	of	music	variables,	such	as	genre,	
speed	(tempo),	frequency	(pitch),	frequency	variation,	rhythmic	structure,	volume,	and	timbre,	
as	well	as	non-music	variables	such	as	length	of	exposure,	and	their	impact	on	sleep	can	help	to	
elucidate	 music’s	 utility	 as	 a	 sleep	 aid.	 The	 prevalence	 and	 significance	 of	 sleep	 deficiency	
warrant	rigorous	study	of	music	as	a	non-pharmacological	sleep	intervention.	

	
IMPLICATIONS	AND	CONCLUSION	

As	outlined	in	this	article,	sleep	deficiency	is	a	pervasive	issue,	which	can	have	serious	negative	
consequences	for	physical	and	psychological	well-being	across	the	life	span.	For	example,	post-
secondary	 students	may	 be	 particularly	 vulnerable	 to	 the	 impact	 of	 sleep	 deficiency	 and	 its	
consequences	 of	 increased	 risk	 for	 impaired	 cognition	 and	 mood	 disturbances,	 all	 highly	
problematic	 for	academic	achievement	and	social	maturation.	Other	populations	that	may	be	
vulnerable	 to	 sleep	 deficiency	 include	 older	 adults	 (including	 peri-	 and	 post-menopausal	
women),	individuals	with	chronic	neurological	and	musculoskeletal	diseases,	military	members,	
and	new	parents.	Given	the	accessibility	and	popularity	of	recorded	music,	it	appears	that	music	
holds	 promise	 for	 use	 as	 a	 non-pharmacological	 intervention	 for	 sleep	 deficiency.	However,	
there	 are	 currently	 no	 evidence-based,	 comprehensive	 guidelines	 for	 the	 selection	 and	
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composition	of	sleep-conducive	music.	This	review	article	addresses	that	gap	and	can	serve	as	a	
foundation	for	primary	research	to	further	aid	in	the	recognition	and	testing	of	musical	elements	
that	contribute	to	sleep	and	optimize	music’s	sleep-conducive	effects.			
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